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THE RELATION OF THE PROFUNDUS AND GASSERIAN 

GANGLIA IN THE EMBRYO OF THE URODELE, 

PLETHODON GLUTINOSUS. 

Katherine W. Okey, 
Department of Anatomy, Ohio State University. 

Introduction. 

In such lower fishes as the Selachians both a profundus 
and a Gasserian ganglion are present as separate ganglia in 
the adult form. Many ganoids and all teleosts, with the 
single recorded exception of Trigla, show modifications of the 
condition in Selachians, by the apparent loss of the profundus 
ganglion or by its fusion with the Gasserian in the adult. 
(Allis. '97). Likewise in every adult form of Amphibia so far 
described the Gasserian is the only ganglion on the trigeminus 
nerve. No separate profundus ganglion is present, although 
rami from the Gasserian ganglion are homologized with all or 
portions of the ramus opthalmicus profundus found in 
Selachians. 

The assumption has been made that the profundus ganglion 
has in the Amphibia fused with the Gasserian to form what 
Coghill (*02) calls "a fused ganglionic complex" in which 
rami representing both of the ganglionic components have 
their origin. Evidence for the proof of this specific assumption 

25 
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is wanting, although in the study of Rana embryos by Landacre 
and McClellan (*12) and of a Plethedon embryo by Kostir 
in an unpublished paper summarized in Fig. 29, it was found 
that certain ganglia, other than these two, which form com- 
plexes in the adult stand out separate and distinct in the 
embryo. 

The results of these studies of embryonic conditions indicate 
a process of fusion in the ontogenetic development of certain 
ganglionic complexes other than that of the trigeminus. As 
stated above, it has been assumed that fusion takes place in 
the phylogenetic development of the profundus and Gasserian 
ganglia. So far as I know, however, the ontogenetic develop- 
ment of these two ganglia has not been studied in a form where 
they are separate in the embryo and form one complex in the 
adult. 

The profundus ganglion has been found separate from the 
Gasserian in an early embryo of Lepidosteus, (Landacre '11) 
and distinct but not detached from the Gasserian in Rana 
(Landacre '12) and in the 11.5 mm. embryo of Plethedon 
glutinosus referred to above, but the exact relations of the 
profundus and Gasserian in the ontogeny of a favorable form 
have not been followed in detail. The present study was, 
therefore, undertaken with the purpose of determining the 
exact relations of the profundus and Gasserian ganglia in the 
early ontogeny of a typical urodele amphibian, Plethedon 
glutinosus. 

This study was preceded by that of Kostir in an unpublished 
work on the 11.5 mm. embryo of Plethedon gl. and is an endeavor 
to trace the profundus and Gasserian ganglia from the con- 
dition in this 11.5 mm. embryo to earlier stages where the 
ganglia are separate and to describe their exact relation at 
critical stages. 

This problem has definite limitations and no final con- 
clusions concerning the phylogenetic relations of these two 
ganglia can be drawn from the results of this study, but if 
similar studies were made on a sufficient number of types in 
the vertebrate series, light would undoubtedly be thrown on 
the fate of the profundus and Gasserian in phylogeny. 

I wish to express my gratitude to Professor Landacre for 
the help, constant encouragement and inspiration he has 
^iven me during the progress of this study. 
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Material and Methods. 

The material used consists of a series of embryos of Plethedon 
taken from four lots of eggs collected at the same time. There 
are thirty-eight stages taken at intervals of from 3J^ to 73^ 
hours, or an average of 4 hours. These range in length from 
6 mm. to 11.5 mm. All were killed and fixed in Zenker's 
fluid, cut in transverse sections 10 micra thick and stained 
with Daelafield's haemetoxylin and orange G. 

No 30 of this series closely corresponds to the 11.5 mm. 
embryo studied by Kostir. Of the present series three stages 
were chosen for detailed study. These are: 
Series : 

M. — 9 mm. in length. 

G. — 7 mm. in length and 263^ hours younger than M. 

B. — 6 mm. in length and 283/^ hours younger than G. 

Three flat reconstructions at a magnification of 150 
diameters, detailed drawings at magnification of 520 diameters, 
and outlines at magnification of 80 diameters were made of the 
selected stages with the aid of a camera lucida. 

The methods of study were in brief as follows : 

After an examination of all 38 stages of the series, three 
stages as mentioned above, uniform in fixation and staining and 
exactness of transverse section, were selected as representing 
the most critical phases in the progressive development of the 
ganglia in question. The method of reading from later to 
younger stages was observed and the descriptions of the specific 
stages are given in this order. The histological characteristics 
of the ganglia were determined in the later stages since recogni- 
tion of the ganglia at younger stages depends on a knowledge 
of the distinguishing features of their nuclei and cytoplasm, as 
well as of their position. 

In the selection of sections for detailed drawing, care was 
taken to choose, when possible, comparable levels from the 
different stages in order to make simpler the comparison of 
the ganglia at different stages. 

The aim was to choose from each stage one section: (a) 
near the anterior end of profundus; (b) at the level of the 
optic stalks ; (c) through the roots of the ganglion ; (d) through 
the main portion of the Gasserian, and any other sections 
necessary to make clear the description. 
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In the course of the study a count was made of the nuclei 
in the ganglia at each stage. In making this count the principle 
was adhered to of counting every nucleus visible in cross section. 
Many nuclei were thus recounted, but the error is apparently 
constant for all stages and would not effect the ratio in the 
results. 

General Features. 

The profundus and Gasserian ganglia which together 
form the trigeminus complex lie in front of the auditory vesicle 
and are the most anterior of all the pre-auditory ganglia in 
this form, except the ganglion of the nervus terminalis. Their 
general- position is anterior to the facial ganglia and the auditory 
vesicle and in the region of the optic vesicle. 

The profundus may, however, extend as far anterior as 
the region of the nasal capsule and the Gasserian as far posterior 
as the first visceral pouch of the pharyngeal region. 

The ganglia are usually more or less completely surrounded 
by the loose mesenchyme, which fills the head region. The 
mesenchyme cells have rather large, light staining nuclei and 
unpigmented cytoplasm containing very large yolk granules and 
seems to be composed of mesentoderm. The cells of the ganglia 
have the opposite characters of small, darkly staining nuclei, 
like the ectoderm and small, obscure yolk granules. 

This contrast in histological character makes it possible 
to determine the limits of the ganglia and the mesenchyme 
at any stage. 

Description of the 9 mm. stage. 

In the 11.5 embryo of Plethedon gl. described by Kostir, the 
Gasserian ganglion (Fig. 29, Gass. G.) is a large mass, oblong in 
cross section lying wedged between the brain and the optic 
vesicle. The anterior end of the profundus portion extends 
for some distance forward between the brain and the optic 
vesicle. From the ganglionic complex arise three nerve trunks: 
(a) The opthalmicus V from the anterior end ; (b) the maxillaris 
V, and (c) the mandibularis V which fork over the temporalis 
and masseter muscles. 

The trigeminus ganglion is attached to the medulla by a 
fibrous root, long antero-posteriorly. The nuclei of the ganglia 
have the usual dark staining properties and at this stage are 
very closely packed together. 
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The 9 mm. embryo (Fig. 30 and Fig. 1-6) is the oldest stage 
of my series. It shows a fused condition of the profundus and 
Gasserian gangUa and at the root it is impossible to distinguish 
between the two portions of the ganglionic complex. 

At the anterior end, anterior to the level of the optic stalks, 
the profundus ganglion consists of a small mass of pigmented 
cells dorso-mesial to the optic vesicle and in contact with it 
(Fig. 2 and 3 Prof. G). At the level of the optic stalks the 
profundus is a larger oval and compact mass (Fig. 3, Prof. G), 
in about the same position as in the more anterior sections. 
At a point about one-half of the total length of the ganglion 
from the anterior end, the ganglion becomes larger and round in 
cross section, and lies mesially towards the ventro-lateral 
border of the medulla. Just posterior to the optic vesicle 
the profundus and Gasserian ganglia are joined and attached 
by a fibrous root to the medulla at its ventro-lateral border. 
In these sections the first visceral pouch of the pharynx is 
beginning to appear as an evagination of the endoderm (Fig. 5, 
Ph. P. I) accompanied by condensation of mesenchyme. 

Posterior to the root of the ganglionic mass the Gasserian 
portion forks over the first visceral pouch in about the position 
where the maxillary V and mandibular V nerve trunks arise 
in later stages (Fig. 6, Gass G.). These trunks are entirely 
cellular at this stage. Near its posterior end the Gasserian 
ganglion becomes loose in texture. The dorsal lateralis gang- 
lion on VII appears dorso-lateral to the Gasserian in the most 
posterior sections of the Gasserian. (Fig. 6, D. L. VII). 
No histological differences between the two ganglia are apparent 
at this stage (9 mm.) although in the 11.5 mm. stage the nuclei 
of cells of the lateral line ganglia are larger and lighter staining. 

Description of the 7 mm. stage. 

At this stage the profundus ganglion is very large and more 
prominent than the Gasserian. It is in contact with the Gas- 
serian at its proximal end, but enters the medulla by a separate 
root. The profundus projects anteriorly from its point of 
contact with the Gasserian and lies dorsal to the optic vesicle. 
The Gasserian consists of a mass in contact with the medulla 
and of a ventro-lateral projection. The dorsal lateralis 
ganglion on VII lies lateral to the distal part of this extension. 
The general relations are shown in the flat reconstruction. 
(Fig. 31). 
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The extreme anterior end of the profundus ganglion lies 
between the ectoderm and the fore brain dorsal to the anterior 
end of the optic vesicle. Figure 7, (Prof. G.) shows the 
character of the ganglion near its anterior end. It is a small, 
ragged mass of pigmented cytoplasm containing nuclei of 
moderate size and dark staining properties. Mesially and 
ventrally it is in contact with mesenchyme and laterally it is 
separated from the ectoderm by a thin layer of mesenchyme, 
in which some darkly staining nuclei appear. 

An interesting feature observable in this figure (Fig. 7) is 
the relation of the profundus ganglion (Prof. G) to the large 
ectodermal thickening (PI.) lateral to it. This thickening 
is a placode, which farther posterior shows more noticeably 
the radial arrangement of cells characteristic of the lateral line 
organs and is identified as a supra-orbital lateral line placode. 
This placode is apparently formed by proliferation of cells in 
both layers of ectoderm. The cells of the outer non-nervous 
layer have no definite arrangement but those of the inner 
nervous layer lie with their long axes at right angles to the 
surface. Cell boundaries may sometimes be clearly made out 
in the placode. Mitotic figures such as seen in Figure 7 (PI.) 
are numerous in the placode. Both of these facts are in contrast 
to the condition in the profundus ganglion. (Prof. G.). 

Posterior to the level of figure 7 the ganglion becomes 
rounder and more compact and definite. Posterior to the 
optic stalks it lies slightly farther from the ectoderm. Figure 
9 (Prof. G) shows a transverse section of the ganglion at the 
point of evagination of the optic stalks and the middle of the 
crystalline lens invagination. (C. L.) 

At this level (Fig. 9) the profundus ganglion lies, as before, 
(Fig. 7) very near the supra-orbital lateral line placode. The 
boundaries of the ganglion are clean cut and its limits are 
readily distinguishable from the surrounding mesenchyme (Fig. 
10, Prof. G). The nuclei seem to vary a good deal in size. 

From a point posterior to the level shown in figure 9, to its 
root in the medulla the profundus ganglion appears to move 
mesially. It retains its compactness, but is smaller in trans- 
verse section than in preceding sections. Gradually it becomes 
looser in structure and shows a mesial projection until at the 
level of Figure 11, the profundus is attached to the ventro- 
lateral region of the medulla by a small, necklike cellular 
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root (Rt. Prof. G). It is noticeable that the boundaries of the 
profundus at this level are uneven and irregular. The outline 
(Fig. 12) shows that the supra-orbital lateral line placode (PL) 
persists at this level, which is near the posterior end of the 
optic vesicle (O. V.). 

Immediately posterior to the beginning of the root of the 
profundus the Gasserian ganglion increases in size and 10 micra 
posterior to the level of figure 12 it comes to lie in contact 
with the profundus. The profundus forms the dorso-mesial 
portion of the ganglionic mass and the Gasserian the ventro- 
lateral portion. Just posterior to this first contact with the 
profundus the Gasserian enters the medulla by a large,, cellular 
root. (Fig. 13 Rt. Gass. G.) 

The Gasserian portion remaining consists of a small, tri- 
angular mass in contact with the medulla and a larger rec- 
tangular mass extending ventro-laterally to the region of the 
first visceral pouch. As one reads posteriorly the ganglionic 
mass dorsal to the gill pouch increases in size and comes to lie 
as an irregular oblong near the supra-orbital placode and dorso- 
lateral to the first gill pouch. It is connected by a narrow neck 
with the proximal portion. The neck portion then drops out,, 
leaving the condition shown in Figures 15-16, where the two 
parts of the ganglion are entirely separate. Only the larger 
portion (Fig. 15, Gass. G.) is figured in detail, Its close 
relation with the first visceral pouch (Ph. P. I) is shown in the 
outline (Fig. 16) while the detail drawing (Fig. 15) shows its 
slight lateral contact with the supra-orbital lateral Hne placode 
(PI). At its ventro-lateral border the ganglion is irregular 
in outline and is at one point in close contact with the ectoderm 
just ventral to the placode. At its extreme ventro-lateral edge 
the ganglion comes into contact with the ectoderm of the first 
visceral pouch (Ph. P. I). 

Slightly posterior to this level the proximal portion of the 
Gasserian drops out, leaving only the part over the gill pocket. 
At this same level a few nuclei of the dorsal lateralis gangliou 
on VII appear as a loose mass dorso-lateral to the Gasserian 
(not figured). The dorsal lateralis ganglion of VII is very near 
the ectoderm and dorsal to the gill pouch. It retains this 
position for several sections. The Gasserian becomes gradually 
smaller and more vaguely marked out and drops out just 
posterior to Fig. 15. 
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Description of the 6 mm. stage. 

The profundus ganglion is in the 6 mm. stage a loose mass 
extending for about one-fifth its length anterior to the optic 
vesicle and for four-fifths of its length is in contact with the 
lateral ectoderm. The Gasserian at this stage is hard to define. 
It has no root entering the medulla, but lies close to it. A 
ventro-lateral extension projects to the region of the first 
visceral pouch. At this stage the Gasserian and the profundus 
are isolated from one another by a distance of three-eighths the 
length of profundus, as may be seen in the flat reconstruction 
of this stage. (Fig. 32). 

The anterior end of the profundus ganglion lies in the region 
of the fore brain just anterior to the optic vesicle. Near its 
anterior end it consists of a loose mass of pigmented cells 
attached to the ectoderm (Fig. 17, Prof. G.). 

The anterior portion of the ganglion lies in contact with 
the ectoderm throughout most of its dorso-ventral diameter. 
The greater part of this contact is immediately anterior to 
the supra-orbital lateral line placode. This contact continues 
to a point just anterior to the crystalline lens invagination. 
Posterior to its loss of connection with the ectoderm the pro- 
fundus becomes very indefinite. There are only a few nuclei 
and these are separated from each other by cytoplasm and yolk 
granules (Fig. 21). The profundus retains its position dorsal 
to the optic vesicle until it drops out. At the level of the open 
optic stalks no trace of a ganglionic mass is found. None 
appears until the level of the anterior end of the Gasserian. 
(Fig. 23-24 and Fig. 32, Sec. 76). This mass consists of a 
few ganglion cells lying between the medulla and the ectoderm 
just posterior to the open optic stalks (Fig. 24, Gass. G.). In 
this group the ganglion cells have many cytoplasmic processes 
and large yolk granules are mingled with them. For the next 
ten or more sections the Gasserian ganglion is an irregular 
triangular mass with its base in contact with the lateral part of 
the medulla and its apex extending ventro-laterally to the 
region of the first gill pouch. 

At the level of figure 25 and figure 32 the Gasserian 
(Gass. G.) is diffuse and has many strands of cytoplasm running 
parallel to the long axis of the ganglion. A few sections posterior 
to this point the Gasserian has two nucleated portions, one a 
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small triangular part near the medulla and the other a large 
distal part lying over the gill pocket, as in the 7 mm. stage. 
These two portions are connected by pigmented cytoplasm. 

At the level of figure 27, Plate IV, almost at the posterior 
end of the optic vesicle the Gasserian is restricted to a few cells 
over the first gill pouch. The supra-orbital lateral line placode 
(PI) is large and shows a radial arrangement of cells. For a few 
sections posterior to Figure 27, the cells of the Gasserian are 
mingled with the ectoderm at the apex of the first gill pouch. 
They are apparently continuous with the inner layer of the 
ectoderm lateral to the endodermal pouch. 

The Fusion of the Profundus and Gasserian Ganglia. 

The form relations of the profundus and Gasserian ganglia 
in the specific stages described above furnish abundant evidence 
for the fusion intact of these ganglia. However, in order to 
determine whether there is other evidence bearing on this 
question aside from that of form relation, a count of the nuclei 
in the ganglia was made according to the principle stated on 
page 27. 

Table 1. Showing the number of nuclei in the profundus 
and Gasserian ganglia before and after fusion. 

Stage Length No. of Nuclei 

B 6 mm. Gass. 480, Prof. 570. 

G 7 mm. Trigeminal Complex 1330 

M 9 mm. Trigeminal Complex 1350. 

In the 6 mm. stage the Gasserian has only 480 nuclei, at 
9 mm. the trigeminal complex has 1350. It is obvious that 
this increase in number of nuclei is due mainly to the fusion 
of the profundus portion with the Gasserian. The number of 
nuclei in the trigeminal complex in the 9 mm. stage is a little 
more than the sum of the number of nuclei in the gasserian and 
profundus at the earlier stage where the two ganglia are separate. 

The increase in number of nuclei from 1050, the sum of 
the nuclei of profundus and Gasserian in the 6 mm. stage before 
fusion, to 1350 in the 9 mm. stage may be partly accounted for 
by mitosis. Although the mitotic figures in the ganglia at 
any stage are extremely scarce, the maximum is 10 in the 
ganglion at any one stage. The difference is 200 nuclei. At the 
maximum rate of 10 for every stage between 6 mm. and the 9 mm. 
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stage, i. e., for 12 stages, the increase by mitosis during this 
period would be 120 nuclei. This leaves a margin of 80 nuclei 
for error and possible increase in rate of growth during the 
stages. 

This count of the nuclei seems to fully confirm the other 
evidence for the fusion intact of the ganglia in question and 
leave no doubt of its certainty. 

The question, however, of the possible disintegration of 
the Profundus portion in later stages where its identity is in 
part lost deserves attention. The evidence for disintegration 
is slight for the boundaries of profundus becomes more and more 
definite from early stages up to the time of fusion and there 
is slight evidence of shelling off of cells into the mesenchyme. 

If the profundus disintegrated one would expect to find 
an increasing looseness in the mass and increasing difficulty 
in determining its boundaries up to the time of fusion. So far 
as I have observed the opposite is true, during its development. 
The profundus never behaves as a disintegrating structure, 
but in fact always contains some mitotic figures which are 
proofs of continued growth. The comparative rate of growth 
of the Gasserian and profundus through all stages in their 
development has not been determined, but the comparative 
rate at the selected stages furnishes significant proof that 
the profundus is not breaking down. 

In the 6 mm. stage there is one figure in profundus and 
there are two in Gasserian. The rate of growth is slow for both 
ganglia at this stage, which is soon after their formation, and 
for several series the chief characterisitc of their behavior is 
the aggregation of cells. In the 7 mm. stage there are 10 
figures in the two ganglia combined and seven of these are in 
the profundus. This is a period of comparatively rapid growth 
and the rate of growth is much higher in the profundus than in 
the Gasserian. The profundus is evidently the more active 
of the two ganglia. In the 9 mm. stage there are only four 
figures in the ganglionic complex. This is the beginning of a 
period of differentiation and of the formation of fibrous roots 
and nerve trunks and is marked by a slowing up in the growth 
process. Even at this stage, however, the profundus is as 
active as the Gasserian. 

Aside from the facts just cited there are other evidences 
of the persistence in the trigeminal complex of the profundus. 
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(1) It forms a root which enters the medulla and during develop- 
ment this root shows no signs of disintegration. (2) Although 
the ganglionic mass is at every stage a syncytium in which 
the cell boundaries are not easily discerned, there is no indication 
of the breaking down of nuclear material at any stage. This, 
if present, might indicate disintegration. The nuclear bound- 
aries become, in fact, more definite from early to late stages. 

Summary of the Relations of the Profundus and 

Gasserian Ganglia From the 6 mm. Stage to 

THE 11.5 MM. Stage. 

A comparison of the flat reconstructions of the selected 
stages of the development of the profundus and Gasserian 
ganglia makes evident the following points: (Figs. 29, 30, 31, 
and 32). 

(1) The anterior end of the profundus ganglion shifts from 
early to late stages. It moves from a point at the anterior end 
of the optic vesicle (Fig. 32) where it is in contact with the 
lateral ectoderm to a position mesial to the optic vesicle at a 
level half way between the optic stalks and the anterior end 
of the vesicle (Fig. 29). In this position it has of course no 
contact with the lateral ectoderm. 

(2) Roots appear in the 7 mm. stage (Fig. 30) as develop- 
ment proceeds and there is a slight shifting ventrally of the 
roots from the position in earlier stages. 

(3) There is a change in the shape of profundus from an 
irregular oval mass over half as long as broad at its widest 
point and tapering at both ends in early stages to an elongated 
tongue-like projection, broad at the proximal and narrow at 
the distal end in later stages. The level of the greatest dorso- 
ventral breadth of profundus moves progressively posterior 
with reference to the position of the proximal end of the Gas- 
serian. (Fig. 29-32). 

(4) There is a change in the form of the ventro-lateral 
projections of the Gasserian ganglion from younger to older 
stages. It changes from a single large, rectangular projection 
extending to the first visceral pouch to a comparatively slender 
projection forked over the temporalis muscle. 

(5) There is an absence of the close relation with D. Lat. 
Gang, on VII in the yotmger stages which is present in the 
older stages. 
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A comparison of comparable levels of the specific stages 
described, for instance, a comparison of the section at the level 
of the optic stalks in the 7 mm. stage with the section at about 
the same level in the 9 mm. stage, confirms the general features 
observable from flat reconstructions and in addition shows 
the following characteristics: 

(1) Both Gasserian and proftmdus increase markedly in com- 
pactness and definiteness of boundary from early to late stages. 
The proportion of cytoplasm to nuclei appears to decrease. 

(2) Mitotic figures or other evidence of growth by this 
method are rare in both gangUa at any stage, although they 
are numerous in surrounding structures. 

(3) The ganglion cells can always be distinguished from those 
of the surrounding mesenchyme because of their pigmented 
cytoplasm and small yolk granules, and small, quite uniformly 
darkly staining nuclei. In the youngest stage large yolk 
granules are sometimes seen in the ganglion, but in the older 
stages there seems to be no evidence of the mingling of the 
mesenchyme with either ganglionic mass, i. e., either profundus 
or Gasserian, nor of the shelling off of ganglionic cells into 
the surrounding mesenchyme. 

(4) The anterior end of profundus in the 6 mm. .and the 
7 mm. stages lies close to a supra-orbital placode. 

(5) The ventro-lateral projection of the Gasserian is closely 
associated with the first visceral pouch. 

The relation of the anterior part of profundus to the supra- 
orbital placode is a very striking one. Until however the origin 
of the profundus ganglion and of the lateral line system have 
been described for this type, one is not justified in attempting 
to explain the significance of this relation. The same may be 
said for the relation of the ventro-lateral extension of the 
Gasserian ganglion to the first visceral pouch. 

The Phylogenetic Relations of the Ramus Opthalmicus 

Profundus. 

In order to make clear the bearings of the results of this 
ontogenetic study on the phylogenetic history of the profundus, 
it will be necessary to summarize the relations of the proftmdus 
ganglion and its nerves in the vertebrate phylogenetic series. 
Table 2 is a synopsis of the conditions in great part as given 
by Allis '97. 
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In the Elasmobranchs the profundus ganglion is separate 
from the Gasserian and usually has a separate root even in the 
adult form. From this profundus ganglion arises the ventral 
ramus opthalmicus profundus which innervates the cutaneous 
tissues of the rostrum, and carries ciliary nerves and in one case 
noted (Acanthias) gives rise to the portio opthalmici profundi, 
which represents the dorsal branch of the primitive profundus 
nerve. (See Herrick *99, p. 364). 

In the ganoids several different conditions exist. The 
Gasserian and profundus ganglia are usually separate in the 
adult, but a true ramus opthalmicus profundus is seldom 
present. According to AUis "a small, delicate, apparently 
degenerate nerve from the profundus ganglion'* is in Amia the 
only remnant of the ramus opthalmicus profundus. There 
is a large portio opthalmicus profundus which fuses with the 
ramus opthalmicus superficialis V to form the supra-orbital 
trunk. 

In teleosts the profundus ganglion is not isolated in the 
adult (Herrick *99) and no ramus opthalmicus profundus is 
described for any form so far as I know. Herrick homologizes 
cutaneous fibres which arise from the Gasserian ganglion and 
are fused with the radix longa from the ciliary ganglion with 
the ramus opthalmicus profundus of the Elasmobranchs. 
Allis takes the position that the ramus opthalmicus profundus 
is probably entirely wanting in Teleosts (p. 539) and that the 
ramus op sup V, probably contains the portio op. prof. The 
ramus opthalmicus profundus, whatever its relation to the 
muscles of eye (Allis *97, p. 536) always lies under the superior 
branch of the oculomotor and over the inferior branch of that 
nerve. In teleosts and ganoids a small branch of the trigeminus 
which is found dorsal to the oculomotor nerve must undergo 
a special development, i. e., become enlarged, as the rest of the 
profundus nerve disappears and become the portio opthalmicus 
profundus, which may be a separate nerve as in Amia, or be 
fused with the ramus opthalmicus superficialis V, as in Teleosts, 
according to Allis ('97, p. 539). 

In the Amphibia the profundus ganglion is partially or 
entirely separate from the Gasserian in the embryo, but is 
always fused in the adult. In the adult Anura the trigeminal 
complex is also fused with the facial complex, but in the Uro- 
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deles the facial is separate. A ramus opthalmicus profundus 
is present and so named in almost every adult form of Urodele 
described (e. g. Coghill '12, Amblystoma). 

Strong ('95) does not designate the opthalmic trunk arising 
from the Gasserian ganglion in Rana, as r. oph. profundus. 
He calls it the r. opthalmicus trigeminus. In discussing the 
problem of the profundus however, he seems (p. 193) to partially 
agree with Wilder ('92) who took the position that in Amphibia 
and the higher vertebrates the r. op. sup. V is fused with the 
r. op. profundus of the Elasmobranchs to form the r. op. trige- 
minus or supra-orbital trunk. Landacre ('12) finds that 
in the 8 mm. Rana embryo the r. opthalmicus comes almost 
entirely from the profundus portion of the ganglion, but in 
later stages derives some fibers from the Gasserian. 

In higher terrestial vertebrates neither the r. opthalmicus 
profundus nor its ganglion are distinct in adult forms. A 
separate profundus ganglion has been found in the cat and the 
guinea pig embryos and Ewart ('90) found vestiges of it in 
the 5 mo. human embryo. The name ramus opthalmicus is 
the common term for the anterior trunk from the trigeminal 
or semi-lunar ganglion in higher vertebrates. The word 
profundus has dropped from the terminology of this complex 
and no hint is given that some fibers of this opthalmic trunk 
may have their origin in the profundus portion of the ganglion. 
The real morphology and origin of this nerve trunk is not known 
for the higher vertebrates and such forms as these would 
logically be the next to study after such a form as the Urodele 
where a r. opth. profundus is present and so named. The 
difficulty of obtaining a close series of embryos of the higher 
vertebrates makes the problem a serious one. The results 
of such studies would throw light on the question of what 
happens to the region innervated by a nerve when the ganglion 
on that nerve disappears or fuses with another. Such studies 
would also help to clear up the question of the fate of the pro- 
fundus ganglion in phylogeny. It is evident from the summary 
given above that the urodeles occupy an intermediate position 
between types with a separate profundus ganglion and a distinct 
r. oph. prof, nerve in the adult and those types with neither 
profundus ganglion nor nerve in the adult ; in that the urodeles 
have both structures separate in the embryo and in the adult 
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have a distinct r. oph. prof, but fused Gasserian and profimdus 
ganglia. The results of this study show that for Plethedon 
at least the ganglia of the adult are formed by an actual fusion 
of the profundus with the Gasserian without loss of cells by 
the profundus portion. This would not warrant the conclusion 
that the same process occurs in types where there is a loss of 
the r. oph. prof, nerve, but it throws an interesting light on 
the mode by which the process of reduction ending in loss of 
both profimdus ganglion and nerve began in phylogeny. 



LITERATURE CITED. 

1897. Allis, E. P. Jr. The cranial muscles and cranial and first spinal nerves in 
Amia calva. Joum. Morph., vol. 12, no. 3. 

1901. Bowers, Maty A. The peripheral distribution of the cranial nerves of 

Spelerpes bilineatus. Proc. Amer. Acad., vol. 36. 

1902. Coghlll, G. E. The cranial nerves of Amblystoma tigrinum. Jour. Comp. 

Neurol., vol. 12, pp. 205-289. PI. 15-16. 
1899. Herrick, C. Judson. The cranial and first spinal nerves of Menidia; a 
contribution upon the nerve components of the bony fishes. Jour. Comp. 
Neur., vol. 9, pp. 153-455. 

1912. Landacre, F. L. The epibranchial placodes of Lepidosteus osseus and their 

relation to the cerebral ganglion. Jour. Comp. Neur., vol. 22, no. 1. 

1913. Landacre, F. L. and McLellan, Marie F. The cerebral ganglia of the 

embryo of Rana pipiens. Jour. Comp. Neur., vol. 22, no. 5. 
1908. Norris, H. W. The cranial nerves of Amphiuma means. Jour. Comp. 

Neur., vol. 15, no. 6. 
1908. Streeter, G. L. The peripheral nervous system of the himian embryo 

at the end of the first month. (10 mm.) Am. Jour. Anat., vol. VIII, 

no. 3. 
1895. Strong, Oliver S. The cranial nerves of Amphibia. Jour. Morph., vol. 10, 

no. 1. 
1892. Wilder, H. H. Die Nasengend von Menopoma alleghanense und Amphiuma 

tridactvlum nebst Bemerkungen uber die Morphologie des R. opthelmicus 

profundus trigemini. Zool. Jahr. Abth. f . Anat. u. Ontog. Bd. 5, Heft 2. 



Digitized by 



Google 



Dec., 1916] Profundus and Gasserian Ganglia in Plethodon 43 



ABBREVIATIONS. 



Gal. E, Joum. Science, Dec. — (D) 
Aud. G. — ^Auditory ganglion. 
Aud. Ves. — Auditory vesicle. 

B. B. — Base of the brain. 

C. L. — Crystalline lens invagination. 
Dien. — Diencephalon. 

D. L. VII. — Dorso-lateral portion of 
the lateralis VII ganglion. 

Ec. — Ectoderm. 

Ec. Con. — Contact of the profundus 
ganglion with the lateral ectoderm. 
En. — Endodenn. 
En. D. — Endolymphatic duct. 
Gass. G. — Gasserian ganglion. 
Gen. G. — Geniculate ganglion. 
Inf. — Infundibulum. 
Med. — Medulla oblongata. 
M. B. — ^Mid-brain. 
Mes . — ^Mesenchyme . 
N. C — Nasal capsule. 
O. V. — Optic vesicle. 
Pal. VII.— Palatine branch of VII. 



Ph.— Pharynx. 

Ph. P. I. — First visceral pouch of the 

pharynx. 
PI. — A supra-orbital placode of the 

lateral line series. 
Prof. G. — Profundus ganglion. 
R. aveolaris VII.— Ramus aveolaris 

VII. 
R. Bucc. VII. — Ramus buccalis VII. 
R. Max. V. — Ramus maxillaris V. 
R. op. Prof. V. — Ramus opthalmicus 

profundus V. 
R. op. Sup. VII. — Ramus superficialis 

VII. 
Rt. Gass. G. — Root of the Gasserian 

ganglion. 
Rt. Prof. G. — Root of the profundus 

ganglion. 
Tel . — Telencephalon. 
V. L. VII. — Ventro-lateral portion of 

the lateralis VII ganglion. 
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Explanation of Figures. 

All sections were cut 10 micra thick and all reconstructions 
and drawings were made from transverse sections. Flat 
reconstructions at 150 diam., detailed drawings at 520 diam. 
and outlines at 80 diam. were made with a camera lucida. All 
figures were reduced to one-third and the magnification after 
reduction is given after the description of each figure. Figures 
1 to 6 inclusive are from the same embryo. (Plethedon gl. 
stage m. 9 mm.) from which the fiat reconstruction Fig. 30 
was made. 

Plate II. 

Figure 1 is a detailed drawing of the profundus near the level of the middle of 
the crystalline lens and seven sections posterior to the anterior end of the pro- 
fundus. (See Fig. 2). Large yolk granules appear as light areas in the mesen- 
chyme. The pigmented cytoplasm of the ganglion is shown by darker, solid 
stippling. Sec. 62 X 175. 

Figure 2 is an outline of the section of which a portion is detailed in Fig. 1. X27. 

Figure 3 is an outline of a section at the level of the optic stalks and just 
posterior to the crystalline lens. Sec. 69. X 27. 

Figure 4 is a detailed drawing of the trigeminal complex at the -level of the 
root. (See Fig. 5). The fibrous root of the Gasserian ganglion is shown (Rt. 
Gass. G.). A profundus root cannot be distinguished in the figure nor identified 
in the section from which it was drawn. Sec. 90. X 175. 

Figure 5 is an outline of the section of which a portion is detailed in Fig. 4. 
Sec. 90. X27. 

Figure 6 is an outline of a section through the main portion of the Gasserian 
ganglion half way between its root and its posterior end. The D. L. VII is shown 
lateral to the Gasserian ganglion which shows the characteristic forking over the 
first visceral pouch of the pharynx. (Ph. P. 1). Sec. 95. X27. 

Figures 7 to 15, inclusive, are all from the same embryo (Plethedon gl. Stage 
G. 7 mm.) from which the flat reconstruction of Fig. 31 was made. 

Figure 7 is a detailed drawing of the profundus ganglion at the level of Fig. 8, 
six sections |X)sterior to the anterior enci. The irregular outline of the ganglion 
is shown and its position relative to a supra-orbital placode of the lateral line 
series (PI). The placode appears as a thickening of the ectoderm. The nuclei in 
the inner layer, containing a mitotic figure, are seen to have a radial arrangement. 
Sec. 52. X175. 

Figure 8 is an outline of the section of which a portion is detailed in Fig. 7. 
X27. 

Figure 9 is an outline of the section of which a portion is detailed in Figure 10. 
This section is at the level of the open optic stalks and the middle of the crystalline 
lens. Sec. 68. X27. 
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Plate III. 

Figure 10 is a detailed drawing of the profundus at the level of Figure 9. The 
definite boundaries and compactness of the ganglion stand out clearly in the figure. 
This figure also illustrates the relation of the ganglion to a supra-orbital placode 
(PI), the nuclei of which show a radical arrangement. Sec.68 X175. 

Figure 11 is a detailed drawing of the profundus at the level of its root in the 
medulla. The root is cellular, as the figure shows and is at this level separate 
from the root of the Gasserian. Sec. 86. X175. 

Figure 12 is an outline of the section of which a portion is detailed in Fig. 11. 
Sec. 86. X 27. 

Figure 13 is a detailed drawing of the trigeminal complex seven sections 
posterior to the beginning of the root of the profundus. This figure is drawn from 
the left side of the section because it showed the double root more clearly than 
the right side. Sec. 93. X 175. 

Figure 14 is an outline of the section of which a portion is detailed in Fig. 13. 
Sec. 93. X 27. 

Figure 15 is a detailed drawing of a portion of the Gasserian ganglion at the 
level of Fig. 16. Only the part over the gill pouch is detailed. The close relation 
of the ganglion to a lat. line placode (pi.) is shown and also its contact with the 
endoderm (en) of the gill pouch. Sec. 94. X 175. 

Figure 16 is an outline of the section of which a portion is detailed in Fig. 15. 
Sec. 94. X27. 

Figures 17 to 27, inclusive, are from the same embryo (Plethedon gl. Stage B, 
6 mm.) from which the first reconstruction Fig. 32 was made. 

Figure 17 is a detailed drawing of the profundus ganglion with the ectoderm 
^ec) is shown and also the irregular outlines of the ganglion. Sec. 45. X 175. 
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Plate IV. 

Figure 18 is an outline of the section of which a portion is detailed in Fig. 17. 
This section is three or four sections posterior to the anterior end of the profundus. 
Sec. 45. X 27. 

Figure 19 is a detailed drawing of the profundus at the level of Figure 20. 
The ventro-lateral attachment of the profundus to the lateral ectoderm is shown. 
The loose structure of the ganglion and its irregular outline are also shown. Sec. 
56. X 175. 

Figure 20 is an outline of the section of which a portion is detailed in Fig. 19. 
Sec. 56. X 27. 

Figure 21 shows in detail the extreme posterior end of the profimdus ganglion 
slightly anterior to the level of the evagination of the optic stalks. The ganglion 
appears very small in this figure. Large yolk granules appear as light areas in 
the surrounding mesenchyme. (See Fig. 22). Sec. 67. X 175. 

Figure 22 is an outline of the section of which a portion is shown in detail in 
Fig. 21. Sec. 67. X 27. 

Figure 23 shows in detail the extreme anterior end of the Gasserion ganglion 
which appears as a small, darkly stippled mass. The level is that of Fig. 24. 
The anterior end of a placode is shown (PI). Sec. 76 . X 175. 

Figure 24 is an outline of the section of which a portion is shown in detail in 
Fig. 23. Sec. 76. X 27. 

Figure 25 shows in detail the characteristic condition of the Gasserian gang- 
lion near its middle part. The relation to the medulla is shown. No root, either 
cellular or fibrous, appears. Sec. 85. X 175. 

Figure 26 is an outline of the section of which a portion is detailed in Fig. 25. 
Sec. 85. X 27. 

Figure 27 shows in detail the posterior part of the Gasserian ganglion. It 
lies in contact with the first visceral pouch (Ph. p. 1, Fig. 28) and near a placode 
of the lateral line series (PI). X 175. 

Figure 28 is an outline of the section of which a portion is detailed in Fig. 27. 
Sec. 94. X 27. 
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Plate V. 

Figure 29. A copy of a portion of a fiat reconstruction by W. J. Kostir of a 
Plethedon embryo 11.5 mm. in length. The scale at the top of the figure indicates 
the number of sections 10 micra in thickness over which the plot extends. The 
figures indicate the numbers of the sections, counted from the anterior end of the 
bod5^ 

This reconstruction shows the most fused embryonic condition of the trig- 
eminal complex so far studied. The profundus portion is not distinct; the nerve 
trunks are formed and the ganglion is over-lapped by the D. L. VII. X 66. 

Figure 30 is a flat reconstruction of the Gasserian, profimdus and a part of 
the D. L. VII of Plethedon gl. stage M, 9 mm. in length. This shows a well fused 
condition of the Trigeminal complex and a single root, which is indicated by 
dotted lines (Rt. Gass. G.). An outline of a longitudinal section of the head was 
made on coordinate paper with a camera lucida. This outline was used as a hor- 
izontal axis and guide in making the reconstructions of the transverse sections. 
The same method was used for the reconstructions shown in Figs. 31 and 32. 
The scale at the top of the figure indicates the number of sections 10 micra in 
thickness over which the plot extends. The figures indicate the numbers of the 
sections counted from the anterior end of the body. The levels of the sections 
detailed in Figures 1 to 6 are given. X 50. 

Figure 31 is a flat reconstruction of the Gasserian and profundus ganglia and a 
part of D. L. VII of Plethedon gl. stage G., 7 mm. in length. The roots of pro- 
fimdus and Gasserian are separate at this stage. A dotted line indicates the line 
of contact of the profundus and Gasserian posterior to the root of profundus. 
X50. 

Figure 32 is a flat reconstruction of the Gasserian and profimdus ganglia of 
Plethedon gl. stage B., 6 nmi. in length. The ganglia have no roots at this 
stage. This shows the unfused condition of the profundus and the Gasserian and 
the number of sections by which they are separated. The contact of the pro- 
fundus with the ectoderm is shown (Ec. Con.). X 50. 
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A SHELF OF GEOLOGIC LITERATURE FOR THE SMALL 

LIBRARY, WITH A GUIDE TO THE MORE 

IMPORTANT REPORTS ON OHIO.* 

D. Dale Gondii. 

The scarcity or absence of standard local and general 
geologic literature in many public libraries is far too frequently 
discovered to his sorrow by the field geologist, who is so rash 
as to go into a region without his **trunk-fur* of books. 
Recently I had occasion to visit libraries in a number of the 
larger towns in eastern Ohio, many of which are fine large 
structures of the Carnegie class. On inquiring for certain 
publications of the United States Geological Survey, I was 
informed that the library had none. **A complete set was 
received several years ago, but has recently been sent back, 
because they occupied so much space and because there was 
no call for them.'* 

There was a similar scarcity or absence of reports by the 
State Geological Survey. I was referred to the books on 
geology in the general reading room. These usually would be 
Le Conte's Textbook, works of Lyell and Tyndall, or other 
writings of ancient vintage. 

Certainly a town of sufficient size to own a library of any 
description should have all geological literature available 
pertaining to its vicinity, if not to the entire State. It is 
asking too much from them to straightway harbor formidable 
volumes of a highly technical character, such as rock analyses 
or principles of metamorphism, and when these come en masse 
they are almost sure to be stored in the musty, dusty space 
assigned to ** Government documents.'* But a well selected 
educational set must find favor when its existence is revealed 
to the public, and any library, however small it may be, should 
be provided with a collection such as is herein suggested. 
The list should include one or two up to date, elementary 
text books on physiography and geology. State Survey pub- 
lications of local and general interest, and the publications 
of the Federal Survey concerning local geology, together with 

*Puhlished by permission of the Dircetor U. S. Geological Survey. 
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a few reports of an educational nature. The entire lot should 
be assembled on a ** geology shelf" and the librarian should 
provide space in the main reading room, where accessible to 
the public. 

It is not with purely selfish motives that this plea is made, 
for convenient reference books to meet the needs of the geologist, 
but rather it is desired to place in the way of the average 
layman a means of access to local and general geologic infor- 
mation, for after all it is he whom the State and Federal 
Geological Surveys hope to serve. 

The study of geology is a broad application of all the 
-elementary sciences and the up-to-date practical geologist 
must be a mathematician, chemist, physicist and civil engineer, 
and should also have an intimate knowledge of zoology, botany, 
astronomy and other sciences. His long years of training 
prepare him to go forth and determine the location of undis- 
-covered oil and gas pools, the extension of ore bodies, the depth 
of coal beds, the height to which artesian water will rise when 
the well is drilled, and other problems in applied geology. 
His conclusions with proofs are described in ** geologic reports.*' 

Although the geologist deals with such difficult problems. 
Tie is expected to write reports that will straightway be com- 
prehended by the average reader. Even though the utmost 
attempt is made to write in simple and plain ** English, '* 
the report must necessarily be of a semi-technical tone in 
order to state facts without greatly amplifying and encumbering 
the discourse with definitions and explanations which have place 
only in an elementary text book. It is therefore highly desir- 
able that everyone interested in geology should make an effort 
to become sufficiently familiar with its fundamental principles 
to be able to intelligently read geologic reports. 

It is believed that a collection of great value as a ready 
source of general and local geologic information need not include 
more than twenty-five to forty books that can be housed on a 
single '* geology*' shelf. It is true that even in this immature 
stage of geologic investigation the literature is so voluminous 
that a well-stocked library will contain thousands of volumes. 
The library of the U. S. Geological Survey, the most complete 
in geology in the country, has on its shelves 120,000 bound 
T-olumes and 100,000 pamphlets. The selection of a ** shelf" 
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of books of first importance for local and general geologic 
information is therefore an exceedingly difficult task, which 
is attempted with some misgivings and it is hoped that the 
effort will be accepted in good part by the public. 

In preparing the list here compiled an effort is made to make 
it suited for use in public schools and small libraries. In fact, 
the number is so limited that it can well be accommodated 
in the private library. The need of keeping the list from 
attaining unwieldy dimensions prevents the mention of dozens 
of books, many of which are of equal merit with the State and 
Federal Survey publications that are mentioned. Persons 
wishing more ample information concerning books on special 
subjects will be given earnest attention on application to either 
the State or Federal Geological Surveys. Only a few of the 
numerous excellent modem books on geology can be mentioned 
here and an effort is made to hold strictly to elementary treatises. 
More ample lists are given in the recent announcements of the 
American Library Association. There are a number of geologic 
magazines which furnish channels for prompt publication of 
investigations of general interest, and in fact there is much 
information of prime importance which is printed only in such 
magazines. Some of the more important ones are given in 
the lists that follow. 

The material suggested for the geological library falls in 
two classes: (1) Text books and other books of interest as a 
general source of geologic information and educational value; 
(2) Reports concerning the geology of specific areas including 
the most important State and Federal Survey publications and 
also geologic and topographic maps. The first class is useful 
no matter in what part of America the reader lives. The second 
class must necessarily consist of many lists, each of which wilt 
be appropriate for a State or, where the interests are varied, 
for part of a State. 

The following lists include, in addition to text books and 
books of general interest, the more important publications of 
interest to people living in Ohio. 

Class I. Consisting of text books, periodicals and pub- 
lications of the U. S. Geological Survey and Bureau of Mines of 
general educational value and interest. 



Digitized by 



Google 



Dec, 1916] A Shelf of Geologic Literature 55 



Text Books and Periodicals. 

(a) General geology (one or more to be selected). 

1. Pirsson, L. V., and Schuchert, C. Text-Bcx)k of Geology. John 

Wiley & Sons, Inc., New York, 1915. Part I, Physical Geology, 
by L. V. Pirsson. Part II, Historical Geology, by C. Schuchert. 
Complete in one volume. 1051 pages. Price $4.00. Also 
published in two parts. Prcfusely illustrated and contains 
colored geological map of North America. 

2. Chamberlin, T. C, and- Salisbury, R. D. Introductory Geology. 

A Text Book for Colleges, 708 pages. Henry Holt & Co., 1914. 
One volimie. Price $2.00. Profusely illustrated. 

3. Blackwelder, Eliot, and Barrows, H. H. Elements of Geology, 

475 pages. American Book Company, 1911. Price $1.40. 
An excellent elementary treatise with nimierous illustrations. 

4. Scott, William B. Introduction to Geology, 573 pages. The 

Macmillan Company, 2nd ed., 1907. Price $2.60. A standard 
elementary text book. 

(b) Physiography (one or more to be selected). 

1. Salisbury, R. D. Elementary Physiography, 359 pages. Henry 

Holt & Co., 1910. Price $1.30. 

2. Gilbert, G. K., and Brigham, A. P. Introduction to Physical 

Geography, 412 pages. Appleton, 1908. Price $1.25. 

3. Davis, W. M. Elementary Physical Geography, 401 pages. Ginn 

& Co., 1902. Price $1.25. 

4. Hobbs, W. H. Earth Features and Their Meaning, 506 pages. 

The Macmillan Company, 1912. Price $3.00. 

5. Bowman, Isaiah. Forest Physiography. Physiography of United 

States and Principles of Soils in Relation to Forestry, 759 pages. 
John Wiley & Sons, 1911. Price $5.00. An interesting and 
highly instructive book. 

(c) Economic geology (one or more to be selected). 

1. Ries, Heinrich, and Watson, Thomas L. Engineering Geology, 2nd 

ed., 722 pages, 104 plates and 175 figures. John Wiley & Sons^ 
1915. Price $4.00. Describes fundamental principles of geology 
which relate to engineering problems. 

2. Lindgren, Waldemar. Mineral Deposits, 883 pages. McGraw-Hill 

Book Company, New York, 1913. Price $5.00. 

3. Kemp, J. F. Ore Deposits of the United States and Canada, 481 

pages. The Scientific Publishing Company, 3rd ed., 1900. 
Price $5.00. 

4. Ries, Heinrich. Economic Geology, 4th ed., revised, 856 pages^ 

tables, plates. John Wiley & Sons, 1916. Price $4.00. 

5. Hayes, C. Willard. Handbook for Field Geologists, 159 pages. 

John Wiley & Sons, 2nd ed., 1909. Price $1.50. 
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(d) Mineralogy and petrography (one of the first two and 
one of the second two should be selected). 

1. Moses, A. J., and Parsons, C. L. Elements of Mineralogy, Crystal- 

lography and Blowpipe Analysis, 389 pages. I. Van Nostrand 
Company, New York, 4th ed., 1909. Price $2.50. 

2. Brush, G. J., and Penfield, S. L. Manual of Determinative Min- 

eralogy, 312 pages. John Wiley & Sons, New York, 16th ed.. 
1903. Price $4.00. 

3. Kemp, J. F. Handbook of Rocks, 272 pages. D. Van Nostrand 

Company, 5th ed., 1911. Price $1.50. 

4. Merrill, George P. Treatise on Rocks, Rock Weathering and Soils, 

400 pages. The Macmillan Company, 2nd ed., 1906. Price 
$4.00. 

(e) Principal periodicals devoted wholly or in part to 
geology, not essential to the small library, but of interest to 
the geologist. 

1. Journal of Geology. Published semi-quarterly. The University of 

Chicago Press. Subscription $4.00 per year. 

2. Economic Geology. Published semi-quarterly. Devoted to geology 

as applied to mining and allied industries. The Economic 
Geology Publishing Company. Subscription $3.00 per year. 

3. Bulletin of the Geological Society of America. Published quarterly. 

Subscription $7.50 per year. 

4. American Journal of Science. Pubb'shed monthly at New Haven, 

Conn. Subscription $6.00 per year. 

5. Bulletin of the American Institute of Mim'ng Engineers. PubHshed 

monthly in New York. Subscription $10.00 per year. 

A Few Books of General Educational Interest Published 

BY THE U. S. Geological Survey and Bureau 

OF Mines. 

1. Professional Paper No. 60, U. S. Geological Survey. The Interpre- 

tation of Topographic Maps. By R. D. Salisbtuy and W. W, 
Atwood, 1908. 84 pp., 170 pis. Sold by the Superintendent 
of Documents, Washington, D. C., for $2.75. 

2. Professional Paper 71, U. S. Geological Siuvey. Index to Stratig- 

raphy of North America. By Bailey Willis. Accompanied by a 
geologic map of North America. Compiled from various soiu"ces. 
1912. 894 pages, 1 pi. Sold by the Superintendent of Docu- 
ments, Washington, D. C., for $2.00. 

3. Bulletin 616, U. S. Geological Survey, 1916. The Data of Geo- 

chemistry. Third edition. By F. W. Clarke. 821 pages. 
Available for free distribution by the Survey. 
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4. U. S. Geological Survey Bulletins 611, 612, 613 and 614. Popular 

Guide Books for western railroads, containing descriptions of 
geology and other features of interest along several transcon- 
tinental railroads. 

Bulletin 611. The Northern Pacific Route. 

Bulletin 6 1 2. The Overland Route. 

Bulletin 613. The Santa Fe Route. 

Bulletin 614. The Shasta Route and Coast Line. 
Sold by Superintendent of Documents for 50 cents each. 

5. U. S. Geological Survey Bulletins 127, 18S, 189, 203, 221, 240, 271, 

301, 372, 409, 444, 495, 524, 545, 584, 617, and 645. Bibliography 
of North American Geology, 1732 to 1915. Bulletin 127 is now 
only available for consultation in public libraries, the supply 
being exhausted. Bulletins 188, 189, 271. 301 and 617 are sold 
by the Superintendent of Documents, Washington, for 40, 25, 
15, 50 and 15 cents respectively. Bulletins 203, 221, 240, 372, 
409, 444, 495, 524, 584, and 645 are available for free distribu- 
tion by the Survey. 

A cumulation bibHography of North America, which will com- 
prise all articles and books on American geology from the earliest 
date to 1916, is now imder way and will be published in a year 
or two by the Survey. 

6. The more recent chapters of Mineral Resources, U. S. Geological 

Stirvey. EKstributed free by the Director of the Survey. 

7. U. S. Geological Survey, Water Supply Paper 122. Relation of the 

Law to Underground Waters. By D. W. Johnson. Available 
for distribution by the Survey. 

8. U. S. Geological Survey, Water Supply Paper 340. Stream Gaging 

Stations and Publications relating to Water Resources, 1885-1913. 
Compiled by B. D. Wood. Available only for consultation in 
public libraries, the supply being exhausted. 

The U. S. Bureau of Mines, although one of the youngest 
of the Government scientific bureaus, has published more than 
130 bulletins and about the same number of ** Technical Papers." 
Many of these, as would be expected, are of interest chiefly 
to persons engaged in the exploitation of coal, oil and gas, and 
metalliferous deposits. A list of publications can be obtained 
on application to Van H. Manning, Director of the Bureau of 
Mines, Washington. Among reports of general interest are 
the following: 

9. U. S. Bureau of Mines, Bulletin 38, 1913. The Origin of Coal. 
By David White and Reinhardt Theissen, with a chapter on the 
formation of peat by C. A. Davis. Sold by the Superintendent of 
Documents, Washington, for 80 cents. 
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10. U. S. Bureau of Mines, Bulletin 94, 1915. United States Mining 
Statutes Annotated. By J. W. Thompson. Part I, Sections and 
Statutes relating to metalliferous and coal mining. Part II, Mis- 
cellaneous mining subjects. Sold by the Superintendent of 
Documents, Washington, for $2.50. 

Class II. Literature concerning geology of Ohio: 
The work of the Federal Survey in Ohio has consisted 
largely in topographic mapping and the area is practically 
completed. There are, however, reports on the glacial geology, 
the underground waters of the southwestern part of the State, 
recent destructive floods in the Ohio Valley, oil and gas geology 
of certain quadrangles in the eastern part of the State and other 
reports that will be listed. The Geological Survey of Ohio 
ranks among the most progressive of State Surveys and its 
publications include many valuable reports, covering nearly all 
phases of geology in the State. One of the most useful of these 
reports is a bibliography of Ohio geology. 

Principal Reports of U. S. Geological Survey Concerning 

Ohio.* 

(Classified into (a) reports of general interest, and (b) reports 
on small areas chiefly of local interest.) 

(a) Reports of general interest. 

1. Professional Paper 13. Drainage modifications in southeastern 
Ohio and adjacent parts of West Virginia and Kentucky. By 
W. G. Tight. 1903, 111 pp.. 17 pis. 

Describes ancient rivers, many of which have been modified, 
reversed, or abandoned in the production of modem drainage, 
largely through the influence of Pleistocene glaciers. Distributed 
free by the Director, U. S. Geological Survey. 

^. Monograph 41. Glacial formations and drainage features of the 
Erie and Ohio basins. By Frank Leverett. 1902. 802 pp., 
26 pis. 

Describes in detail the striking features of glacial drift, its 
character in Ohio and adjacent States; the influence of the ice 
invasions on drainage, and also on the development of the Great 
Lakes. Sold by the Superintendent of Documents, Washington, 
for $1.75. 

3. Water Supply Paper 334. The Ohio Valley flood of March-April, 
1913, (including comparisons with some earlier floods). By 
A. H. Horton and H. J. Jackson, 1913. 96 pp., 22 pis. Dis- 
tributed free by the Director, U. S. Geological Survey. 

*A complete catalogue of publications of the U. S. Geological Survey can be 
obtained on application to George Otis Smith, Director, Washington. 
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4. Bulletin 552. Results of triangulation and primary traverse in 

Ohio, 1898-1911, inclusive. R. B. Marshall, Chief Geographer. 
1914. 232 pp., 2 pis. Distributed free by the Director, U. S. 
Geological Survey. 

5. Bulletins 411, 476, 518. Results of spirit leveling in Ohio, describing 

elevations of numerous localities above sea level as shown by 
permanent bench marks. Distributed free by the Director, U. S. 
Geological Survey. 

Topographic Maps. — Most of the topographic maps are 
published in quadrangles covering areas approximately 13 by 
173^ miles, on a scale of about One inch to a mile. These maps 
show streams, hills and valleys, roads, houses and other surface 
features. Variations in elevation above sea level are represented 
by contours of either 10 or 20 feet interval, depending on the 
relief. The locations of permanent bench marks are also 
shown. Each quadrangle is designated by the name of some 
town, village, or geographic feature within it. Topographic 
maps are sold by postmasters or may be obtained direct from 
the Survey at a cost of 10 cents each, or 6 cents when ordered in 
lots of fifty or more maps. An index map showing the locations 
and names of the quadrangles can be obtained on application 
to the Director of the Geological Survey. 

It is suggested that each library obtain maps covering its 
vicinity and have them motmted for hanging on the wall, 
where they will be brought to the attention of the public. 

(b) Reports of the U. S. Geological Survey on limited 
areas in Ohio, chiefly of local interest. 

SOUTHERN AND SOUTHWESTERN PART OF STATE. 

1. Water Supply Paper 259. The underground waters of southwestern 

Ohio. By M. L. Fuller and F. G. Clapp. With a discussion 
of the chemical character of the waters by R. B. Dole. 1912. 
228 pp., 9 pis. Distributed free by the Director, U. S. Geological 
Survey. 

2. Water Supply Paper 353, Part III. Surface water supply of the 

Ohio River Basin, 1913. By A. H. Horton, W. E. Hall and H. L. 
Jackson. 1915. 264 pp., 5 pis. Distributed free by the Director, 
U. S. Geological Survey. 

3. Folio 184. A report on the geology of the Kenova quadrangle, 

938 square miles, including part of Lawrence County, Ohio, and 
adjacent areas in Kentucky and West Virginia. By W. C. 
Phalen. Sold by the Director, U. S. Geological Survey. Library 
edition, 18 by 22 inches, 5 cents; octavo edition, 6 by 9 inches, 
25 cents. 
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4. Folio 69. A report on the geology of the Huntington quadrangle, 

938 square miles, including part of Lawrence County, Ohio, and an 
adjacent area in West Virginia. By M. R. Campbell. Sold 
by the Director, U. S. Geological Survey, for 5 cents. Published 
in library edition only, 18 by 22 inches. 

5. Bulletin 349. Economic geology of the Kenova quadrangle 

(Kentucky, Ohio, and West Virginia). By W. C. Phalen. 1908. 
158 pp., 6 pis. Sold by the Superintendent of Documents, 
Washington, for 25 cents. 

EASTERN AND NORTHEASTERN PART OF STATE. 

6. Bulletin 318. Geology of oil and gas fields in Steubenville, Bur- 

gettstown, and Claysville quadrangles, Ohio, West Virginia, and 
Pennsylvania. By W. T. Griswold and M. J. Munn. 1907. 
196 pp., 13 pis. Sold by the Superintendent of Documents, 
Washington, for 75 cents. 

7. Bulletin 346. Structure of the Berea oil sand in the Flushing 

quadrangle, Harrison, Belmont and Guernsey coimties. Bv 
W. T. Griswold, 1908. 30 pp., 2 pis. Distributed free by the 
Director, U. S. Geological Survey. 

8. Bulletin 541-A. Oil and gas in the northern part of the Cadiz 

quadrangle, Harrison, Jefferson and Carroll coimties. By D. 
Dale Condit, 9 pp., 1 pi. Distributed free by the Director, U. S. 
Geological Survey. 

9. Bulletin 621-H. Anticlines in the Clinton sand near Wooster, 

Wayne Coimty, Ohio. By C. A. Bonine. 12 pp., 1 pi. Dis- 
tributed free by the Director, U. S. Geological Survey. 

10. Bulletin 621-N. Structtu-e of Berea oil sand in Summerfield 

quadrangle, Guernsey, Belmont and Monroe coimties. By D. 
Dale Condit. 15 pp., 2 pis. Distributed free by the Director, 
U. S. Geological Survey. 

11. Bulletin 621-0. Structure of Berea oil sand in Woodsfield quad- 

rangle, Guernsey, Noble and Monroe counties. By D. Dale 
Condit. 17 pp., 2 pis. Distributed free by the Director, U. S. 
Geological Survey. 

CENTRAL PART OF STATE. 

12. Folio 197. A report on the geology of the Columbus quadrangle, 

915 square miles. By C. R. Stauffer, G. D. Hubbard, J. A. 
Bownocker and others. Sold by the Director, U. S. Geological 
Survey. Library edition, 18 by 22 inches, 25 cents; octavo 
edition, 6 by 9 inches, 50 cents. 

NORTHERN PART OF STATE. 

13. Monograph 41. (Already listed as of general interest in Ohio). 
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Principal Reports of the State Geological 
Survey.* 

1. Geological map of Ohio. Scale 8 miles to 1 inch. 1909. By J. A. 

Bownocker, State Geologist. Price 25 cents. 

2. Bulletin 1. Oil and gas. 325 pp., 9 lithographic maps. 1903. 

By J. A. Bownocker. Describes fields in Trenton, Clinton and 
Carboniferous oil and gas bearing formations. Price 65 cents. 

3. Bulletins 4 and 5. The lime resources and the lime industry in 

Ohio. 361 pp., 1906. By Edward Orton, Jr., and Samuel V. 
Peppel. The manufacture of artificial snadstone or sand-lime 
brick. 79 pp., 1905. By Samuel V. Peppel. Price of Bulletins 
4 and 5 conjointly 45 cents. 

4. Bulletin 6. Bibliography of Ohio geology. 332 pp., 1906. By 

Alice Greenwood Derby and Mary Wilson Prosser. Price 35 
cents. 

5. Bulletin 7. Revised nomenclature of the Ohio geological forma- 

tions. 36 pp., 1905. By Charles S. Prosser. Price 6 cents. 

6. Bulletin 9. Coal. 342 pp., 1908. By J. A. Bownocker, N. W. 
Lord and E. E. Somermeier. Part I describes Pittsburg, Pomeroy 
and Meigs Creek coals. Part II gives chemical analyses and 
calorific tests of the Clarion, Lower Kittanning, Middle Kittan- 
ning and Upper Freeport coals. Price 50 cents. 

7. Bulletin 14. Geology of the Columbus quadrangle. 133 pp., 1911. 

By C. R. Stauffer, G. D. Hubbard and J. A. Bownocker. Price 
30 cents. 

8. Bulletin 18. Building stones of Ohio. About 150 pp., 1915. By 

J. A. Bownocker. Price 30 cents. 

9. Bulletin 19. Geolog>' of Cincinnati and vicinity, pp., 1916. By 

N. M. Fenneman. 

10. Bulletin 20. Geology of southern Ohio. pp., 1916. (In press). 

By Wilbur Stout. Includes Jackson and Lawrence counties and 
parts of Scioto, Gallia and Pike counties. 

Other bulletins published since 1900 comprise the following 
subjects : 

Bulletin 3. Manufacture of hydraulic cement. 

8. Salt deposits and salt industry in Ohio. 

10. The Middle Devonian in Ohio. 

1 1 . The manufacture of roofing tiles. 

12. The Bremen oil field. 

13. The Maxville limestone. 

15. Devonian and Mississippian of northeastern Ohio. 

16. Peat deposits of Ohio. 

17. The Conemaugh formation in Ohio. 



*A complete list of publications of the Geological Survey of Ohio can be obtained 
from Prof. J. A. Bownocker, State Geologist, at Columbus, who distributes 
those in stock. 
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State Survey organizations previous to 1900 .published a 
number of excellent reports, some of which are listed. The 
State Geologist has a limited number which can be obtained at 
prices given below. 

Volume 1. Geology. 680 pp., 1873. 

Chapter I. Historical sketch; physical geography; geological 
relations, geological structures of the Silurian and Devonian 
systems. By J. S. Newberry. 

Chapter II. Local geology. The geology of Cuyahoga, Summit, 
Gallia, Meigs, Athens, Morgan, Muskingum, Hamilton, Cler- 
mont, Clark, Ashtabula, Trumbull, Lake, Geauga, Williams, 
Fulton, Lucas, Sandusky, Seneca, Wyandot and Marion cotmties. 
Price $1.25. 
Volume II. Geology. 701 pp., 1874. 

Section I. Surface geology; The Carboniferous System. By J. S. 
Newberry. 

Section II. Local Geology. The geolog}^ of Erie, Lorain, Ottawa, 
Crawford, Morrow, Delaware, Van Wert, Union, Paulding, 
Hardin, Hancock, Wood, Putnam, Allen, Auglaize, Mercer, 
Henry, Defiance, Washington, Noble, Guernsey (southern half), 
Belmont (southern half), Monroe, Pickaway, Fairfield, Pike, 
Ross and Greene counties. Price $1.25. 
Volume III. Geology. 958 pp., 1878. 

Section I. Review of Geological Structtire of Ohio. 

Section II. Local Geology. The geology of Tuscarawas, Colum- 
biana, Portage, Stark, Carroll, Harrison, Guernsey, Muskingtmi, 
Belmont, Huron, Richland, Knox, Licking, Medina, Warren, 
Butler, Preble, Madison, Clinton, Fayette, Shelby, Miami, 
Logan, Champaign, Darke, Ashland, Wayne, Holmes, Coshocton, 
Franklin, Jefferson, Mahoning and Brown counties. Price $1.25. 
Volume V Geology. 1124 pp., 1884. 

The stratigraphical order of the Lower Coal Measures of Ohio; the 
Coal Seams of the Lower Coal Measures of Ohio. By Edw. Orton. 

The Meigs Creek coal in Morgan, Muskingum, Guernsey and Noble 
counties. By C. N. Brown. 

Coal mining in Ohio. By Andrew Roy. 

The gas coals of Ohio. By Emerson McMillen. 

The iron ores of Ohio. By Edward Orton. 

Iron manufacture in Ohio. By N. W. Lord. 

The manufacture of coke. By Henry Newton. 

Building stones of Ohio; the clays of Ohio and the industries estab- 
lished upon them. By Edward Orton, Jr. 

The glacial boundary in Ohio. By G Frederick Wright. 

Report of the chemical department. Bv N. W. Lord. 

Price $2.50. 
Volume VI. Geology. 831 pp., 1888. 

Nearly 600 pages of this volume treat of petroleum and natural 
gas, by Edward Orton, F. W. Minshall, F. J. Newell, Emerson 
McMillen and S. W. Robinson. 
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The volume contains chapters on the Pittsburg coal in Belmont, 
Jefferson and Guernsey counties, by C. N. Brown; the Pomeroy 
and Federal Creek coal field, by Ellis Lovejoy; the manufacture 
of salt and bromine, by W. J. Root; natural and Portland cement, 
by N. W. Lord; gypsum and land plaster in Ohio, by Edward 
Orton; the production of lime in Ohio, by Edward Orton; the drift 
deposits of Ohio, by Edward Orton. Price $2.00. 
U. S. Geological Survey, Washington. 



GOVERNMENT DOCUMENTS AND THE PUBLIC 
LIBRARIAN.* 

Julia L. V. McCoRD.f 

A unique library exists in the Government Printing Office 
at Washington — a Hbrary composed exclusively of United 
States public documents and now comprising over 200,000 
books. It is the most nearly complete collection extant of 
the documents published by authority of our Government. 
A complete collection of the early documents does not exist, 
nor is it known now with certainty what documents and 
reports were printed by the first fourteen congresses. To 
lack of foresight, perhaps, and the economies of inexperienced 
legislators, the vicissitudes of the young nation, and to 
destruction by fire of the earlier libraries gathered for the use 
of Congress — to all these causes the scarcity or complete 
disappearance of early documents may be attributed. As- 
many as possible have been recovered and the collection is 
now sufficiently full to warrant the belief that nothing very 
important has been lost. Desultory efforts had been made 
from time to time to collect the public documents, but not 
until the office of Superintendent of Documents was created 
in 1895 did these efforts completely materialize. The nucleus 
of the public Documents Library was a miscellaneous mass of 
documents which had been accumulated in the Government 
Printing Office. This material was put in order, as were other 
lots obtained from time to time, provision was made for the 
addition of a copy of every future publication under Govern- 
ment authority, and the whole thoroughly and systematically 
catalogued. In this library are brought together the accounts 
of the labors of all the army of people who have been employed 

* With the permission of the Director of the U. S. Geological Survey, 
t Librarian, U. S. Geological Survey. 
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to carry on the government's activities. Here are the results 
of the studies of all the thousands of trained investigators, 
all the explorers, all the workers on land and sea who have gone 
forth authorized to perform their varied duties and execute the 
many missions incident to the life of a great nation. These 
pages form the journal of a growing nation's life — intimate, 
self -recorded. They reveal its high hopes, its egotism, its 
mistakes and disappointments, its gropings toward wiser aims 
and higher standards. From these records may the historian 
of a far future decipher the history of a better civilization than 
the world has ever before known. 

However, our intimate interest is not in this particular 
collection gathered in Washington, but rather in what composes 
it. The abundance of practical, helpful, facts here put down — 
facts intimately related to our daily life and necessary 
activities — should be at the ready service of the people. Here 
is an opportunity for the public librarian. Government 
document literature has been neglected in our public libraries 
while undue prominence is given to the merely recreational. 
The urgent need of a wider publicity for the educational and 
scientific works printed by the Government is apparent. To 
meet it, publishing officials are making definite efforts which 
should have the active and intelligent co-operation of public 
librarians. 

As a first step a better acquaintance with public documents 
on the part of librarians is necessary — many librarians of the 
smaller communities are utterly uninformed in regard to the 
field they cover. To all these the enlightening little periodical, 
''Monthly catalogue of public documents," issued by the 
Superintendent of Documents, is recommended. It lists and 
describes all current prints from the Government press, giving 
bright readable notes on those of special interest. The sub- 
scription price is $1.10 a year, but it is sent free to as many 
libraries as the edition will supply. The Librarian who regu- 
larly examines this catalogue, selects and obtains the publica- 
tions of general interest and particularly those touching local 
needs is rendering a good service to the community. As a 
rule. Government publications may be had free, if the 
application is made while the supply lasts. 

It is regrettable that our public documents appear in such 
unattractive form. The titles lack human interest, but abound 
in dull official verbiage. The names of the issuing department, 
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bureau and officials, and the serial designation obtrude them- 
selves between the reader and the book title, which latter seems 
seldom chosen with a view of rousing the reader's interest. 
The long line of print across the page wearies the eye. There 
is dreary monotony in the colorless bindings of those issued in 
cloth, and too poor a quality of paper in the covers of the 
others. More tasteful get-up should be aimed for and probably 
could be had at no greater cost than the present. Because 
they become torn and ragged after very little usage accounts 
for the fact that in so many libraries the government pub- 
lications are stored in cellars and attics. There are indications 
that thought is being given to these points and we may see 
Government reports put out in a form to compete in attract- 
iveness with the issues from commercial publishing houses. 

Under the now-existing printing law, the Superintendent 
of Documents is authorized to send copies of all public docu- 
ments, as issued, to the Depository libraries. About 475 
libraries in the United States are now receiving them. No 
adequate provision for selective distribution has yet been made, 
that is for the supply only of documents on specific subjects. 
In order to obtain these automatically arrangements must be 
made with the issuing Department or Bureau. 

The small community seems to offer to the public librarian 
a more encouraging field of service in respect to government 
document literature than does the large city. At any rate it 
should be her duty to obtain the government publications 
which interest or apply specially to the community and also 
others of general interest and to post them in the library and 
advertise them in the local newspaper. The rural community 
should know about the Farmers bulletins, the Soil Survey 
reports and the Good Roads bulletins. The business man will 
find helpful suggestions in the very live Commerce reports and 
the teacher in the publications of the Bureau of Education. 
Every intelligent dweller on the ground wants to know some- 
thing of what is below the surface and to him the publications 
of the Geological Survey tell many an interesting story. 

The cataloging of documents is done in Washington, the 
librarian's labor being greatly lessened thereby. The printed 
cards are obtainable from the Library of Congress at a small 
cost, and should be used by librarians wherever possible. 
Closer co-operation between public librarians and the pub- 
lishing and library officials in Washington is to be desired. 
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BORIC ACID OCCURRING NATURALLY IN SOME FOODS. 

Arthur H. Smith. 

Among the common chemical preservatives which have been 
used in foods and which are prohibited entirely or tolerated 
tinder certain restrictions by the Federal Foods and Drugs Act, 
as now enforced, are benzoic acid, salicylic acid, sulfurous acid, 
boric acid and formaldehyde. Boric acid is used principally for 
preserving meats, meat products, fish and dairy products. Its 
presence can be detected readily by acidifying the ash of the 
sample with hydrochloric acid and then dipping a piece of 
turmeric paper into the solution. If boric acid is present the 
yellow turmeric paper becomes red on drying. 

In the course of some food analyses the writer had occasion 
to test a sample of datenut butter which was made from dates 
ground very fine, and peanut butter. The butter has the con- 
sistency of a stiff jam and is very pleasing to the taste. I 
obtained a positive but not a very strong test for boric acid. 
It seemed unlikely that boric acid had been used as an artificial 
preservative in such small quantities as evidently existed in 
the material. I then tested some peanuts which had been 
roasted but found no boric acid in them. Dates, however, gave 
a test for boric acid when the acidified ash was tested with 
turmeric paper. It was obvious, then, that the boric acid in 
the datenut butter must be, in part, at least, naturally occurring 
in the dates. Several European writers have reported the 
occurrence of small amounts of boric acid in natural foodstuffs. 
In the Analyst for 1914 is an abstract of an article by G. Bert- 
rand and H. Agulhon in Bull. Soc. Chim. 1913, 13, 824-827, 
citing the occurrence of boric acid in milk and eggs. In the 
Analyst for 1912 is an abstract of an article by L. Robin in 
Eighth Int. Cong. App. Chem. 1912, Vol. 1, 429-432, in which 
he states that boric acid is a natural constituten of wines. In 
the Analyst for 1913 is an abstract of an article by V. Villa- 
vecchia and I. Barboni in Ann. Lab. Chim. Cent, delle Gabelle 
1912, 6, 27-68, in which the occurrence of boric acid in Italian 
salt is discussed. In Zeit. Offentl. Chem. 1905, XI, 231-234, 
is discussed the occurrence of boric acid in common salt. 

The above mentioned facts led to experiments in which a 
quantitative analysis for boric acid was made in some of our 
common fruits. Because of the limited time and because of 
lack of fresh fruits, dried fruits were used. The writer tried at 
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first to measure the boric acid by comparing the colors in tubes 
which contained about fifty cc. of solution. The standards 
were boric acid dissolved in weak hydrochloric acid to which 
was added some standard turmeric solution. In other tubes 
were hydrochloric acid solutions of the iron free ash of the 
sample to which a standard solution of turmeric had likewise 
been added. The Schriner-Schorey colorimeter was used. The 
quantities of boric acid in the fruits were so small, however, 
that the depth of color given with the standard turmeric solution 
was too weak to give accurate comparison. 

The method finally used was one for estimating very small 
quantities of boric acid in organic substances described by G. 
Bertrand and H. Agulhon in Comptes rend. 1913, 157, 1433- 
1436 and reported in the Analyst for 1914. Ten or twenty 
grams of animal substance or one gram of vegetable substance 
are mixed with sodium carbonate and ignited to ash which 
need not be white. To the ash 5-10 cc. of phosphoric acid are 
added and the whole transferred to a flask with 20 cc. of methyl 
alcohol. The mixture is distilled and the distillate is collected 
in a platinum dish containing 2 or 3 drops of sodium hydroxide 
solution. A second portion of methyl alcohol is added and the 
second distillate collected with the first. The combined distil- 
lates are evaporated to dryness and the residue taken up with 
}/2 cc. of tenth normal hydrochloric acid. A strip of turmeric 
paper 3 mm. by 45 mm. is put into the hydrochloric acid solu- 
tion so that about 20 mm. extends above the edge of the con- 
taining vessel. The whole is set aside for 24 hours at room 
temperature or for 3 hours at 30 degrees. The length of the 
colored strip at the outer end of the turmeric paper is compared 
with a similar colored strip on paper immersed in solutions 
containing known amounts of boric acid. The method depends 
on the formation of a volatile compound of methyl alcohol and 
boric acid which is distilled over and the second portion of 
alcohol is used to make sure that all of the boric acid is taken 
over. 

The standards for comparison are made by dissolving known 
amount of boric acid in weak hydrochloric acid. The standards 
must be treated exactly as the sample is treated — the same 
quality of turmeric paper must be used, it must remain in the 
solution the same length of time as the paper remains in the 
solution of the sample and the turmeric paper must be placed 
in each solution simultaneously. If these conditions are fol- 
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lowed the writer found that the length of coloration of the 
turmeric paper is directly proportional to the quantity of boric 
acid present. For example where 0.2 mg. boric acid was used 
the coloration measured 4.5 mm.; with 0.4 mg. it was 9 mm.; 
with 0.6 mg. it was 13.5 mm.; with 0.8 mg. it was 16.5 mm. 
Experiments started at different times would show the same 
proportionality but different numbers. With practice in 
measuring the colored area on the strips the method becomes 
as accurate as any good colorimetric analysis method such as 
the determination of nitrates in water, for example. 
Following is the data of the experiments: 

TABLE I. 

SAMPLE WEIGHT BORIC ACID PERCENT 

Dates l.OOlOg 0.3 mg 0.0299 

Dried Peaches 1 .0054 0.066 0.0065 

Dried Apricots 1.0174 0.022 0.00216 

Prunes 1 .0080 0.08 0.00792 

Figs 1 .0247 0.04 0.0039 

Raisins 1 .0178 0.05 0.0049 

The writer had previously found boric acid in some sausages 
and these were now examined quantitatively. 

TABLE II. 

SAMPLE WEIGHT BORIC ACID PERCENT 

Wienerwursts (C. P. Co.) 10.0181 g O.OSmg 0.00049 

Pork Sausages (C. P. Co.) 4.3720 trace 

The salt with which the meat was cured which was used in 
the preparation of these sausages was then examined. Salt from 
another packing house and also from a dairy was examined. 

TABLE III. 

SAMPLE WEIGHT BORIC ACID PERCENT 

Salt (C. P. Co.) 4.0907 g 0.02mg 0.00045 

Salt (D. P. Co.) 4.0886 0.02 0.00048 

Salt (Dairy) 2.5600 0.02 0.00077 

Among the fruits dates show the largest percentage of boric 
acid with prunes next. The quantities in the other fruits and in 
sausages and salt is insignificant. These results show that in 
some of our common fruits, probably in meat and certainly in 
common salt there are minute though measurable quantities of 
boric acid occurring naturally. However, it does not seem 
probable that these amounts of boric acid could injure the 
persons eating the foods. 

Ohio State University. 

Date of Publication, December 28, 1916. 
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